
Palaeobotanical studies on the vegetation 
history of the Upper Dnister Plain started in 
the 1930s by Kostyniuk (1938)) who distin-
guished three phases of forest cover develop-
ment during the Holocene: pine-birch forest, 
spruce-broad-leaved forest, and fi r-beech  forest. 
Thirty years later Cherevko (1967) contin-
ued investigations on this region but did not 
broaden considerably the idea of vegetation 
dynamics. She differentiated three sub-phases 
in the above-mentioned second phase: pine-
birch forest; birch with elements of mixed 
oak forest; spread of moisture-requiring horn-
beam, beech and fi r. There were no profi les 
illustrated in those investigations which have 
been subjected to 14C-dating. No attention 
was given to the problem of human impact on 
vegetation change even though archaeologists 
discovered many ancient settlements in this 
part of the Carpathian foreland (Matskevoy 
1991, Machnik et al. 2000).

Owing to an initiative and fi nancial support 
from Polish colleagues from the Jagiellonian 
University, the Polish Academy of Sciences, 

and the Polish Academy of Arts and Science 
multidisciplinary investigations (geomorpholo-
gical, archaeological and palaeobotanical) have 
been undertaken in this region of Ukraine. 

PRESENT DAY ENVIRONMENT OF THE 
UPPER DNISTER PLAIN REGION

The region investigated is located at the 
foreland of the Eastern Carpathians (Fig.1). 
From a geomorphological point of view it con-
stitutes the Upper Dnister sandr-alluvial plain 
(Cys 1962) which has an altitude of 260–270 m 
a.s.l. and a monotonous and fl at landscape. 
From the west and north it is surrounded by 
the Dnister channel, from the south by the 
Drohobych Upland and from the east by the 
Bystrytsia River – the right-side tributary of 
Dnister (Fig. 1). The plain extends from north-
west to south-east and is 10–12 km wide and 
40 km long.

From a geobotanical point of view the inves-
tigated territory belongs to the central Euro-
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pean province of the European broad-leaved 
mixed forest area (Barbarych 1977). Until 
the 19th century the substantial territory of 
the Upper Dnister Plain was a swamped are 
and had the name of the Great Dnister Bogs 
(Hołowkiewicz 1884). The total area of the 
Great Bogs reached 12 000 hectares. After the 
long history of land draining which fi nished 
in the 1970s the meadow communities have 
formed the greatest complex of the Plain veg-
etation (Shelag-Sosonko et al. 1982).

The actual vegetation of the Great Dnister 
Bogs is represented by only a few types of 
plant community. They are forests, meadows, 
fl ood meadows, hygro- and hydrophyte com-
munities, ruderal and segetal associations 
(Resler 2003).

Forested regions cover no more than 10–15% 
of the fl ood plain. Forests from 1 to 4 km2 of 
area are sparse in the territory of the Dnister 
valley and are the Ribo nigri-Alnetum asso-
ciation and its derivatives (Tkachyk & Resler 
2002, Resler et al. 2002). Along the Dnister 
channel communities of the Salicetea purpu-
rea class expand. Pine forests are absent from 
the Upper Dnister Plain.

Meadow vegetation is dominant on the fl ood 
plain. Mosaic small (1–2 m) depressions and 
rising ground characterize the otherwise fl at 
relief causing a mosaic occurrence of xero-, 
meso- and hygrophyte meadow communities. 

In the central part of the Dnister valley and 
on the rising grounds the Molinio-Arrhena-
theretea class is represented by associations 
of the Arrhenatheretalia order. In the small 
depressions the communities of the Calthion 
alliance are dominant. Associations of the 
Phragmiti-Magnocaricetea class occupy moist 
areas. Near the river channel the communi-
ties of Magnocaricion elatae, Caricion graci-
lis, Caricion rostratae, Phalaroidion arundi-
naceae, and Phragmition communis alliances 
are spread (Resler & Tkachyk 2001).

Aquatic vegetation concentrates in the arti-
fi cial ponds formed in waste peat-cutting pits, 
soil-reclamation canals and former riverbeds. 
There are associations of Lemnion minoris, 
Utricularion vulgaris, Hydrocharition, Pota-
metion lucentis, and Potametion pusilli alli-
ances.

The largest part of the natural vegetation 
is transformed in cultural phytocoenoses. 
The signifi cant part of the Upper Dnister 
Plain is covered with the agrocoenoses of the 
Secalietea class. Ruderal communities of the 
Artemisietea vulgaris class are represented 
fragmentarily. At the fl ood valley borders near 
sites of human habitation and on nitrifi cated 
substrata, associations of Arction lappae alli-
ances occur. Everywhere on the pasturelands 
and fi eld roads the synanthropic communi-
ties of the Plantaginetea majoris class are 
present.

MATERIAL AND METHODS

The samples for palynological analysis were taken 
from borings of organic sediments of three profi les: 
Ozerne 3, Mainych 2 and Hordynia 2 (Fig. 1), carried 
out with a Geomeres borer.

Site Ozerne 3 (49°31′N, 23°32′E) is situated near 
the village Ozerne at the Bystrytsia valley border.

Profi le description, depth in m
0.00–0.50  sand and loam (embankment)
0.50–0.63  peat soil 
0.63–1.00  loam
1.00–2.00  sand
2.00–2.65  silt loam
2.65–2.78  well-decomposed peat
2.78–2.82  organic loam
2.82–2.90  peat
2.90–3.18  organic loam
3.18–3.78  decomposed peat
3.78–3.85  peat loam
3.85–4.20  decomposed peat
4.20–4.60  peat loam
4.60–6.00  silt loam

Fig. 1. Location of investigated sites (�): Hordynia 2, Ozerne 
3, Mainych 2

Wklejka, Fig. 2 po stronie 168.
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Mainych 2 profi le (49°31′N, 23°29′E) is located 
about 500 m from the edge of a peat plain north of 
village Mainych. 

Profi le description, depth in m
0.00–0.25  black fen soil
0.25–2.75  loam 
2.75–3.00  fi ne-grained sand
3.00–5.00  loam
5.00–5.56  sand
5.56–6.00  peat brown-black
6.00–6.50  decomposed peat 
6.50–6.63  sandy loam
6.63–6.67  clayey loam
6.67–6.74  peat loam
6.74–6.81  organic silt 
6.81–7.20  peat dark brown with rusty concretions
7.20–8.80  loam 
8.80–9.00  sandy loam
9.00–10.00  sands and gravels up to 2 cm of diameter

Profi le Hordynia 2 (49°33′N, 23°25′E) is located 
about 100 m from right embankment along Dnister 
river channel. 

Profi le description, depth in m
0.00–0.82  clayey loam
0.82–2.00  decomposed peat
2.00–4.20  organic silt with inclusions of peat 
4.20–5.72  clay with inclusions of silt
5.72–7.50  loamy sand 
7.50–9.00  sand 

In the Ozerne 3 profi le the samples from depth of 
2.62–4.60 m were taken for palynological research. 
Pollen analysis of Mainych 2 profi le was performed for 
peat layers (5.60–6.50 m). In Hordynia 2 profi le the 
samples for pollen analysis were taken from depths of 
0.74–2.30 m and 3.00–3.47 m.

Material was prepared with a standard procedure: 
treated with 10% KOH, hydrofl uoric acid followed 
by Erdtman’s acetolysis (Erdtman 1943). Not less 
then 200 pollen grains of trees and shrubs (AP) were 
counted in each sample. The pollen diagram com-
posed of three profi les was plotted using the computer 
program POLPAL (Walanus & Nalepka 1999). The 
percentage values of particular taxa were calculated 
on the basis of the total pollen sum including trees, 
shrubs and herbs excluding Cyperaceae, aquatic, 
swamp and spore plants. The percentage values of 
each plant group were calculated on the basis of above-
mentioned sum adding a respective taxon.

Seven samples of peat sediments were dated in 
the Radiocarbon Laboratory, of the Silesian Technical 
University at Gliwice (Poland). All dates are given as 
radiocarbon years before present (BP).

DESCRIPTION OF POLLEN ZONES
AND CHRONOSTRATIGRAPHY

The results of pollen analysis and radiocar-
bon data are presented in a composite diagram 
shown (Fig. 2). Samples 1–6 belong to the 
Hordynia 2 profi le, 7–22 to the upper part of 

Ozerne 3 profi le, 23–40 belongs to the Mainych 
2 profi le, 41–53 to a lower part of the Ozerne 
3 profi le. Ten pollen assemblage zones (PAZ) 
have been distinguished in the diagram.

Pinus-Pinus cembra-Betula nana (Pi-Pic-
Bet n.) PAZ (samples 53–46)

In this zone tree pollen is dominant, in par-
ticular Pinus undiff. (max. 65%), Pinus cem-
bra (max. 15%), Picea (max. 10%). The curve 
of tree and shrub pollen falls to 68% at the 
upper boundary of the zone. Simultaneously 
the percentage of Poaceae, Artemisia and 
Chenopodiaceae rises. This fact as well as the 
presence of pollen grains of Betula nana type 
and Larix indicates that this zone represents 
the Younger Dryas (YD) period. Among other 
trees and shrubs a small quantity of Quercus, 
Tilia, Carpinus, Fagus, Abies, Corylus, and 
Betula pollen is present. Hydrophytes are pre-
sented with signifi cant values of Myriophyl-
lum pollen (max. 10%).

In the lowest sample pollen of thermophil-
ous Nymphaea are present and Betula nana 
absent, giving some probability for accepting 
the age of this sample to be Allerød.

Pinus-NAP (Pi-NAP) PAZ (samples 45–43)
AP pollen curve rises rapidly to the level 

of 95% mainly because of Pinus undiff. (max. 
90%). The Pinus cembra pollen decreases and 
then disappears. The curves of Poaceae and 
Artemisia are showing a tendency to decline. 
Sample No. 44 was 14C dated to 9810 ± 120 
years BP. This zone corresponds to the Prebo-
real chronozone (PB).

Picea-Pinus (Pic-Pi) PAZ (samples 42–39)
The Pinus curve decreases to 45% after 

a short period of the slow decline. The total 
curve of trees and shrubs rises again in the 
younger part of the zone. The total curve of 
herbs does not exceed 20% (owing to Poaceae) 
in the central part of zone. The contribution of 
Picea increases rapidly from 5% at the lower 
boundary to 18% at the upper boundary of 
the zone. Other tree curves (Alnus, Betula, 
Corylus, Quercus, Ulmus, and Tilia) demon-
strate a slow tendency to increase. This zone 
presents the Boreal chronozone (BO).

Picea-Alnus-Salix (Pic-Al-Sa) PAZ (sam-
ples 38–34)

The Pinus curve decreases to 20% and after 
a small fl uctuation increases to 55% in the last 
sample of this zone. The Picea curve keeps 
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near the level of 15% with slight variations. 
The Alnus pollen curve has two peaks of 25% 
and 30%, and signifi cant values of Salix pol-
len are present. Average quantity of deciduous 
tree pollen increases in comparison with the 
preceding zone. In sample 36 Quercus, Ulmus, 
Fraxinus, Corylus pollen is absent and this is 
correlated with a Salix and Poaceae maximum 
(9% and 30% respectively). Cyperaceae pollen 
values fl uctuate, rising from 10% to 45%. The 
hydrophytes are represented by Sparganium 
(max. 12%). The sample No. 34 is dated at 
7530 ± 110 BP. This zone corresponds to the 
older phase of the Atlantic chronozone (AT).

Picea-Ulmus-Quercus (Pic-Ul-Qu) PAZ 
(samples 33–30)

The Pinus curve slightly fl uctuates near the 
level of 50%. Picea pollen fl uctuates between 
20% and 10%. Among deciduous trees Ulmus 
(max. 16%) and Quercus (max. 13%) are 
dominant. The Tilia curve is interrupted. The 
pollen sum of herbs does not exceed 12%. In 
some samples with 4% of Artemisia pollen are 
present. The percentage values of Cypera ceae 
pollen are remarkable though, and from the 
fi rst sample of this zone pollen grains of Cyper-
aceae are absent. In the same sample curve of 
Filicales monolete spores rises to 70%.

Ulmus-Corylus (Ul-Co) PAZ
(samples 29–27)

The total AP curve maintains values near 
90%. Pinus pollen values fl uctuate from 25% 
to 50%. The Picea curve falls to 10%. Among 
deciduous trees Corylus pollen is predominant 
(max. 20%). In the sample where Corylus has 
maximum Betula rises to 13% and Rumex, R. 
acetosella type and R. acetosa type pollen is 
present. In the last sample of this zone the 
curve of Ulmus begins slightly to decrease.

Quercus-Corylus-NAP (Qu-Co-NAP) PAZ 
(samples 26–23)

After a slight fl uctuation the NAP curve 
rises to 33%. Picea value rises in one sample 
and then falls again to 8%. The curves of all 
deciduous tree taxa decrease at the end of this 
zone and the Fraxinus pollen curve is inter-
rupted. The Cerealia pollen of Avena type and 
Hordeum type as well as pollen of synanthropic 
taxa occurs in signifi cant proportions in the 
samples of this zone. The sample No. 23 is dated 
at 5410 ± 70 years BP. This zone corresponds 
to late phase of the Atlantic chronozone.

Picea-Pinus (Pic-Pi) PAZ (samples 22–11)

The total tree pollen curve exceeds 80% 
but falls to 70% near the upper boundary of 
the zone. Pinus and Picea pollen dominate 
in all samples of zone. The average values 
of all deciduous trees are lower than in the 
preceding zone. In some last samples Carpi-
nus, Fagus and Abies curves appear. The 
Artemisia pollen curve is generally continuous 
while other synanthropic taxa occur sporadi-
cally. This zone belongs to the Subboreal (SB) 
chronozone.

Quercus-Carpinus-Fagus-Alnus
(Qu-Ca-Fa-Al) PAZ (samples 10–7)

The total AP sum curve fl uctuates near 
70–80%. Pinus pollen values decrease to 10–
15%. In the pollen spectrum of deciduous trees 
Quercus, Carpinus and Fagus are equally dom-
inant. This zone is characterized by signifi cant 
values of Alnus, hygro- and hydrophyte pollen. 
The Cerealia and Artemisia curves are contin-
uous. The sample No. 8 is dated at 2000 ± 60 
years BP. This zone represents the beginning 
of the Subatlantic chronozone (SA).

Betula-NAP (Bet-NAP) PAZ (samples 6–1)

The total AP curve continuously falls 
though this zone. Quercus, Carpinus, and 
Fagus pollen values are considerably lower 
than in the preceding zone. In some samples 
Quercus, Ulmus, and Fagus curves are inter-
rupted. Tilia and Corylus pollen is absent. 
Among Cerealia Secale cereale pollen appears. 
The Artemisia curve is persistent. Other 
synanthropic taxa occur sporadically. Poaceae 
values continuously rise to 40%. Two samples 
of this zone are dated: No. 6 at 1910 ± 120, and 
No. 1 at 610 ± 120 BP. 

VEGETATION CHANGES

The proportion of tree pollen values exceed-
ing 80% at the beginning of Pinus-Pinus cem-
bra-Betula nana-PAZ evidences the presence 
of forest communities on the territory of the 
Upper Dnister Plain in the Younger Dryas. 
They were characterized by the development 
of pine-forests with Pinus sylvestris and prob-
ably P. cembra. The values of P. cembra pollen 
of 16% does not give a full confi dence that this 
species occurred in situ in the Upper Dnister 
Plain during the Late Glacial period. However, 
the occurrence of macrofossil remains belong-
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ing to the Late Glacial deposits in the Polish 
Carpathians foreland (Krauss et al. 1965, 
Szczepanek 1971) suggests that P. cembra 
might have grown at that time in the studied 
territory. It also grew at the low altitudes in 
the neighbouring Carpathian foothills (Ralska-
Jasiewiczowa 1980). A slight fl uctuation of the 
P. cembra curve has the opposite trend to P. 
sylvestris. From this it may be assumed that 
the low competitive P. cembra conceded terri-
tory to P. sylvestris. 

The 10% value of Picea is interpreted as 
a result of spruce growing in the Upper Dnister 
Plain or in the close vicinity. Light-requiring 
Betula nana, Larix, Juniperus, and Salix also 
occurred. The presence of Quercus, Tilia, Acer, 
Corylus, and even Carpinus, Fagus, and Abies 
pollen in the samples corresponding to the 
Younger Dryas chronozone is problematic in 
this PAZ. There are single or several pollen 
grains of each of these taxa in the samples. 
It may be interpreted as contamination. On 
the other hand, pollen of the mentioned taxa 
disappeared in the last sample of Pinus-Pinus 
cembra-Betula nana-PAZ simultaneously with 
a decrease of total sum of AP. As it is well 
known in the fi nal stage of the Younger Dryas 
period the climate of central Europe became 
more severe and continental, and the forest 
area reduction affected increasing of NAP-pol-
len percentage in corresponding samples of the 
presented diagram. Other diagrams from the 
western Ukrainian sites (Bezusko & Bogutsky 
1986, Bezusko et al. 1985) and from south-east-
ern Poland (Harmata 1995, Mamakowa 1962) 
demonstrated the similar presence of decidu-
ous tree pollen in the Late Glacial deposits. 
The author agrees with Mamakowa (1962) 
who explained that those deciduous trees had 
not yet entered the forest communities but 
grew in the neighbouring refuge. Steppe-like 
communities with Poaceae, Chenopodiaceae, 
Brassicaceae, Artemisia, Centaurea cyanus, 
Polygonum aviculare, and sparsely growing 
pine-trees occupied the investigated territory 
in the late phase of the Younger Dryas period. 
Betula, Alnus and Salix were growing scarcely 
in the swamp communities. 

After the Younger Dryas climatic deforesta-
tion the Preboreal stage of the Holocene was 
marked by a rapid increase of trees participa-
tion in plant associations. In the investigated 
area it was mainly Pinus with some admix-
ture of Picea. Light-requiring Betula nana, 

low competitive Pinus cembra and Larix 
disappeared from the plant communities. 
Xerophytic and heliophilous communities with 
Artemisia, Chenopodiaceae, Ephedra occupied 
small areas. This transitional Late Glacial 
– Holocene period is very similar to that in 
region of the Polish Carpathians foreland near 
Dębica (Mamakowa & Starkel 1977, Starkel 
& Granoszewski 1995).

At the beginning of the Boreal period the 
pine forest gave way to spruce communities 
with some participation of Quercus, Ulmus, 
Tilia, and Corylus. Those deciduous trees 
appeared simultaneously on the territory of 
the Upper Dnister Plain. There are no evi-
dences of Ulmus coming into boreal forests 
earlier as it was described for other areas of 
the similar regions (Starkel & Granoszewski 
1995, Harmata 1989, Mamakowa 1962). It 
may be explained as unfavourable conditions 
for the elm growth resulted from stagnant 
ground water (Gofshtein 1962). The Ulmus 
pollen contribution in all discussed profi les 
did not exceed 16%. The participation of above 
mentioned deciduous trees in forest communi-
ties increased towards the fi nal stage of the 
Boreal. 

A further signifi cant decrease in the abun-
dance of Pinus in forests and also a slight drop 
in Picea characterized the beginning of the 
Atlantic period. The role of deciduous trees 
increased. During the fi rst half of the Atlantic 
period this rise was continuous with some fl uc-
tuations, which showed an opposite tendency 
to that observed for Pinus and Picea. It may 
be explained by climatic oscillations when the 
climate deterioration caused boreal elements 
to return into plant communities. From one 
anlysed sample of Atlantic deposits Quercus, 
Ulmus, Fraxinus, and Corylus pollen are absent. 
Coincidentally the signifi cant increase in hygro- 
and hydrophytes and Salix was observed. So it 
may be concluded that the considerable soil 
moisture caused those trees to leave the bog 
territory. The 2% presence of Carpinus pollen 
in this sample is inexplicable from the point of 
view of contemporary vegetation.

The contribution of herbs remained rela-
tively low with some oscillations. If these 
changes had correlated with the appearance 
of synanthropic plants it could have been 
concluded that they were evidences of human 
activity, especially in the samples containing 
the Cerealia pollen. The oldest sample with 
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Cerealia pollen is located higher than the 
layer dated at 7530 ± 110 BP and lower than 
5410 ± 70 BP. In another profi le from the 
Upper Dnister Plain with frequently dated 
samples (Harmata & Kalinowicz 2001) the 
fi rst Cerealia pollen occurred near the 7000 
years BP. 

The transition between Atlantic and Sub-
boreal periods is characterized by the increase 
of Picea in plant communities. In the Subboreal 
phase of Holocene Picea reached its maximum. 
However Pinus did not return to its position. 
Pollen of Cerealia is absent from samples cor-
responding to the Subboreal period but the 
presence of remarkable value of Artemisia 
becomes permanent. In the last sample of 
the Subboreal period the curves of Carpinus, 
Fagus, and Abies become continuous.

The fi rst sample of the Subatlantic period is 
characterized by rapid increase of hornbeam, 
demanding to the climate humidity beech and 
fi r, and especially alder, simultaneously with 
the sudden rise of proportions of the swamp 
and aquatic communities in the investigated 
area. The contributions of Pinus and Picea 
pollen fall to low percentages. From the begin-
ning of the Subatlantic period the permanent 
decrease of trees participation in the Upper 
Dnister Plain was observed though the Pinus 
and Betula percentages in pollen spectra rise 
in the younger part of Subatlantic. Carpinus, 
Fagus, Quercus, and aquatic pollen declined 
coincidentally with the increase in Abies and 
Cerealia pollen. It could be supposed that a cli-
matic factor could have been associated with 
an effect of human activity.

CONCLUSIONS

The present study is based upon the 
analysis of palaeobotanical material obtained 
from three profi les. None of investigated sites 
contained the full range of Holocene depos-
its, nevertheless, the three profi les together 
made it possible to reconstruct the vegetation 
history of the Upper Dnister Plain from the 
Younger Dryas up to the Subatlantic phase of 
the Holocene.

It may be concluded that the main tenden-
cies of the vegetation successions in region 
under discussion were similar to the other 
parts of central Europe. Some differences were 
expressed in the small participation of Tilia 

and Fraxinus in the Atlantic forest communi-
ties. Ulmus and Corylus proportions were also 
low. This may be infl uenced by the geomorpho-
logical construction of the Upper Dnister Plain 
which provoked the stagnation of ground water 
in a great area of about 12 000 hectares. Such 
local soil conditions were unfavourable for the 
growth of the above-mentioned trees. The fl uc-
tuations in the hygro- and hydrophytes pro-
portion have frequently opposite tendencies 
to deciduous tree participation. The geomor-
phological features of the investigated region 
caused sharp expression of climate humidity 
in the plain vegetation at the beginning of the 
Subatlantic period. Signifi cant soil moisture 
caused the spread of hydrophilous herb com-
munities and swamp alderwood.

The human impact on the Upper Dnister 
Plain vegetation also depended on climate 
fl uctuations. Due to the water level rise the 
people left the swamped territory. From about 
2500 years ago the continuous deforestation 
of investigated area and surrounding regions 
started. It resulted in the signifi cant decrease 
of AP pollen proportions in discussed diagram 
though some pioneer trees participation con-
siderably increased. 
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